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SELF-CALIBRATION METHOD FOR A 
FREQUENCY SYNTHESIZER USING TWO 

POINT FSK MODULATION 

[0001] This application claims priority from European 
Patent Application No. 081658304 ?led Oct. 3, 2008, the 
entire disclosure of Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention concerns a self-calibration method 
for a frequency synthesizer using tWo point FSK modulation 
for transmitting data. The frequency synthesizer, in particular 
of loW poWer type, includes a ?rst loW frequency phase lock 
loop in Which is placed a voltage controlled oscillator, and a 
high frequency access, Which includes a digital-analogue 
converter, connected to the voltage controlled oscillator. The 
?rst phase lock loop also includes a reference oscillator, a 
phase comparator, connected to the reference oscillator, a ?rst 
loW pass loop ?lter, and a multimode divider counter con 
trolled by a modulator for supplying the phase comparator 
With a divided signal on the basis of a high frequency output 
signal from the synthesizer. The voltage-controlled oscillator 
is controlled at a ?rst input by a ?rst control voltage signal 
originating from the ?rst loop ?lter, and at a second input by 
a second control voltage signal for modulating the high fre 
quency data. 
[0003] The invention also concerns a frequency synthesizer 
using tWo point FSK modulation for implementing the self 
calibration method. 

BACKGROUND OF THE INVENTION 

[0004] TWo-point frequency modulation is de?ned by add 
ing the contribution of a high frequency path With a digital 
analogue converter and a loW frequency path in a loW fre 
quency phase lock loop at the voltage controlled oscillator. 
During high frequency state transitions, the high frequency 
path is of primary importance, Whereas for loW frequency 
state transitions, the loW frequency path becomes of primary 
importance. HoWever, both paths contribute to modulate data 
frequency to cover a determined bandWidth, Which extends in 
high modulation frequency. 
[0005] EP Patent No. 0 961 412 discloses a frequency syn 
thesizer for tWo point frequency modulation for transmitting 
data. This frequency synthesizer uses a sigma delta type 
modulator for data modulation by controlling a variable 
divider in a loW frequency phase lock loop, and a DAC digital 
analogue converter for high frequency modulation. This DAC 
converter has a variable gain, Which is regulated by a digital 
control unit, and is controlled by a digital control signal for 
data frequency modulation. This digital control signal is also 
transmitted to the sigma delta modulator to combine the loW 
frequency modulation With that supplied by the DAC con 
verter. 

[0006] A relative delay variation is performed in the syn 
thesizer on the modulation signal passing through the DAC 
converter relative to the modulation in the loW frequency 
loop. HoWever, this document discloses nothing concerning 
adaptation of the spectrum amplitude level oft the data modu 
lated by the loW frequency phase lock loop and via the DAC 
converter. Consequently, undesired interference may arise 
depending upon the state transition frequency for data trans 
mission. 
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[0007] US Patent Application No. 2003/0043950 also dis 
closes a phase lock loop frequency synthesizer using tWo 
point frequency modulation. This frequency synthesizer also 
includes a loW frequency phase lock loop and a sigma delta 
modulator, a DAC digital-analogue converter Whose output 
acts directly on the voltage controlled oscillatorVCO. Data is 
modulated, on the one hand at a ?rst input of the voltage 
controlled oscillator VCO via the multimode divider con 
trolled by the modulator, and at a second input of the VCO 
oscillator by the DAC converter. Because of the tWo-point 
modulation, this frequency synthesizer prevents the attenua 
tion of high frequency modulated data due to the narroW 
bandWidth of the phase lock loop. 
[0008] Even if the DAC converter gain can be adjusted, 
there is no provision for equalising the spectrum amplitude 
level of the data modulated in the loW frequency loop and in 
the digital-analogue converter. As for the preceding synthe 
sizer, this may lead to some distortion problems for the data 
modulation during state transition. 
[0009] In the US Patent Application No. 2005/0046488, it 
is described a compensating method for a frequency synthe 
sizer using tWo point modulation. The frequency synthesizer 
includes in particular a ?rst loW-pass phase lock loop PLL, 
and a high frequency path for compensating the amplitude 
betWeen an analogue modulation signal and a digital modu 
lation signal to operate tWo point data modulation. 
[0010] The ?rst phase lock loop of this document includes 
a phase frequency detector, a ?rst charge pump, a ?rst loW 
pass loop ?lter and a voltage controlled oscillator VCO. The 
voltage controlled oscillator includes in input an adder, Whose 
a ?rst input is connected to the ?rst loW-pass ?lter, folloWed 
by a frequency generation unit. A fractional-N programmable 
divider closes the ?rst loop betWeen the voltage controlled 
oscillator and the phase frequency detector, Which receives a 
reference signal from a reference oscillator. This divider is 
controlled by a digital modulation signal provided by a modu 
lator. 

[0011] The high frequency compensating path of this docu 
ment includes also to form a second phase lock loop, a second 
charge pump and a second loW-pass loop ?lter connected via 
a sWitch to a second input of the adder of the voltage con 
trolled oscillator. The second charge pump and the second 
loW-pass ?lter are With a same structure as the ?rst charge 
pump and the ?rst loW-pass ?lter. This high frequency path 
includes still a comparison unit, Which is a comparator, Whose 
the output is connected to an analogue modulation unit, Which 
receives an analogue modulation signal from a digital-ana 
logue converter. 
[0012] According to the compensating method of this 
document, a ?rst digital modulation signal is supplied by the 
modulator in order to tune the ?rst phase lock loop to a ?rst 
frequency, Which corresponds to the selected carrier fre 
quency of a transmission channel subtracted by a digital 
modulation amplitude. In a second phase, a second digital 
modulation signal is supplied by the modulator in order to 
operate the second lock loop While maintaining a ?rst voltage 
corresponding to the ?rst frequency on the ?rst ?lter of the 
?rst disconnected loop. With this second digital modulation 
signal, a second frequency is synthesized that corresponds to 
the selected carrier frequency added With a digital modulation 
amplitude. As an addition is carried out by the adder of the 
voltage controlled oscillator, the second voltage on the sec 
ond ?lter represents a differential signal relative to the double 
of the analogue modulation amplitude. So this differential 
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signal is compared with a voltage multiplied by two provided 
in output of the decoupling analogue modulation unit. The 
compared amplitude of the signals is equalised by the com 
parator, which acts on the analogue modulation unit in order 
to adapt the amplitude of the analogue modulation output 
signal. 
[0013] One drawback of the frequency synthesizer using 
two point modulation of US Patent Application No. 2005/ 
0046488 is that there is a same gain between the ?rst loop and 
the second loop. This requires providing an important place 
for each low-pass loop ?lter with a same siZe on an integrated 
circuit made for such a synthesizer. Another drawback is that 
the voltage controlled oscillator includes an adder in input, 
which allows adding the contribution of the high frequency 
path with the low frequency path of the synthesiZer. The ?rst 
and second control voltages for the oscillator are not inde 
pendent of each other, but directly added for that the addition 
result determines the output frequency of the oscillator. This 
does not allow adapt a different sensitivity of the two inputs of 
the voltage controlled oscillator. Another drawback is that it is 
not the digital-analogue converter, which is directly cali 
brated, but an analogue modulation unit, which complicates 
the arrangement with the converter into the synthesiZer inte 
grated circuit, with a more important electrical consumption, 
because the two units are always in function. A calibration has 
further to be carried out for each new selected carrier fre 
quency, which is a drawback. 

SUMMARY OF THE INVENTION 

[0014] It is thus an object of the invention to provide a 
self-calibration method for a frequency synthesiZer, which 
can easily equalise the spectrum amplitude level of the data 
modulated by the digital-analogue converter combined with 
the ?rst low frequency phase lock loop, while overcoming the 
above-mentioned drawbacks of the prior art. This has to pre 
vent distortion arising during high frequency state transitions 
of the data to be transmitted or state transition delays by the 
low frequency loop, while minimising the siZe of some elec 
tronic components in the high frequency access to make the 
synthesiZer, and by reducing the general electrical consump 
tion. 
[0015] The invention therefore concerns a self-calibration 
method for an above-mentioned frequency synthesiZer, 
wherein the self-calibration method includes the steps of: 
[0016] a) in a ?rst phase, locking the ?rst low-pass phase 
lock loop onto a transmission channel with a determined 
carrier frequency at the synthesiZer output, and supplying a 
?rst command word to the converter in the high frequency 
access corresponding to the determined carrier frequency for 
generating a second control voltage signal for the voltage 
controlled oscillator, at a ?rst basic voltage level, 
[0017] b) in a second phase, opening the ?rst phase lock 
loop, while maintaining, via the ?rst loop ?lter, a ?rst control 
voltage signal corresponding to the determined carrier fre 
quency for the ?rst input of the voltage-controlled oscillator, 
locking a second phase lock loop, which includes a second 
low-pass loop ?lter in the high frequency access connected 
between the phase comparator of the ?rst loop and the second 
input of the voltage-controlled oscillator, at a ?rst output 
frequency equal to the carrier frequency added to a maximum 
modulation frequency shift, and supplying the digital-ana 
lo gue converter with a second command word that represents 
the ?rst output frequency, 
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[0018] c) in a third phase, opening the second phase lock 
loop while maintaining, via the second loop ?lter, a second 
control voltage signal corresponding to the ?rst output fre 
quency for the second input of the voltage-controlled oscil 
lator, and comparing the converter output voltage with the 
voltage stored in the second loop ?lter to calibrate the con 
ver‘ter gain automatically so that the converter output voltage 
is equivalent to the voltage stored in the second ?lter at a 
second voltage level, whose shift with the ?rst basic voltage 
level de?nes the maximum equalised modulation frequency 
shift, and 
[0019] d) in a modulation phase, closing the ?rst phase lock 
loop and connecting the converter output to the second input 
of the voltage-controlled oscillator for two point data modu 
lation by the voltage-controlled oscillator using a series of 
command words in time supplied to the calibrated digital 
analogue converter and to the modulator of the ?rst phase lock 
loop. 
[0020] Particular steps of the self-calibration method are 
de?ned in the dependent claims 2 to 7. 
[0021] One advantage of the self-calibration method 
according to the invention lies in the fact that the digital 
analogue converter can be automatically calibrated by adjust 
ing the gain thereof by comparing the voltage across a second 
loop ?lter in the high frequency access of a second phase lock 
loop in operation, to the output voltage of said converter. This 
converter gain is adjusted after a ?rst lock phase of the ?rst 
phase lock loop has been performed on a determined carrier 
frequency transmission channel, and a ?rst command word 
has been supplied to the converter input to correspond to said 
carrier frequency. 
[0022] After a second lock phase at a ?rst high output 
modulation frequency by a second loop, the second loop is 
disconnected in a third phase. This maintains an approxi 
mately constant calibration voltage, without any ?uctuations 
in the second loop ?lter. Thus, the voltage comparison in the 
high frequency access is advantageously performed in this 
third phase on the basis of a second command word normally 
supplied to the converter in a second phase corresponding to 
the ?rst high output modulation frequency. The voltage offset 
or shift at the converter output is thus calibrated by means of 
the constant calibration voltage across the second ?lter, for 
identical modulation frequency deviation between the ?rst 
phase lock loop and the high frequency access. 
[0023] Advantageously, a fourth phase, in which the sec 
ond phase lock loop is closed and locked at a second low 
output modulation frequency, is followed by a ?fth phase of 
the self-calibration method, in which the second loop is dis 
connected to store a low calibration voltage across the second 
?lter. This allows the digital-analogue converter to be cali 
brated on the basis of a comparison of the voltage stored 
across the second loop ?lter. To do this, a third command 
word is supplied to the converter so as to compare the output 
voltage of said converter to the voltage across the second loop 
?lter to adjust the converter gain again. Frequency modula 
tion for data transmission can advantageously be performed 
by switching between the ?rst output frequency and the sec 
ond output frequency around the carrier frequency. 
[0024] Advantageously the second phase lock loop 
includes a second ?lter with a small siZe in relation to the ?rst 
?lter of the ?rst phase lock loop. This second small siZe ?lter 
allows provide a second control voltage to a second input of 
the voltage controlled oscillator, which has a second sensitiv 
ity with several orders of magnitude lower than the ?rst sen 
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sitivity of the ?rst input of the oscillator, for example of the 
order of 100 times loWer. So the Whole calibrating operation 
of the digital-analogue converter is carried out With a mini 
mum number of electronic components, Which take a rela 
tively limited place in relation to the components linked to the 
?rst phase lock loop. 
[0025] Advantageously the ?rst and/or second phase lock 
loops may have a differential structure, in particular the 
charge pump and the loop ?lter. Owing to the differential 
structure some errors are avoided in the voltage stored across 
the ?rst and/or second loop ?lters during gradual disconnec 
tion of the ?rst and/or second charge pumps. 
[0026] It is also an object of the invention to provide a 
frequency synthesizer using tWo-point frequency modula 
tion, Which includes means for equalising the spectrum 
amplitude level of the data modulated by the digital-analogue 
converter combined With the ?rst phase lock loop. 
[0027] The invention therefore concerns a frequency syn 
thesizer for implementing the self-calibration method, Which 
includes: 

[0028] a ?rst loW frequency phase lock loop in Which 
there are placed a reference oscillator, a phase compara 
tor connected to the reference oscillator, a ?rst loW-pass 
loop ?lter connected to the phase comparator via a ?rst 
charge pump, a voltage-controlled oscillator, Which is 
connected via a ?rst input of a ?rst varactor With a ?rst 
sensitivity in the ?rst loW frequency loop for receiving a 
?rst control voltage signal via the ?rst loW-pass ?lter, a 
multimode counter-divider controlled by a modulator to 
frequency divide a high frequency output signal on the 
basis of a high frequency signal produced by the voltage 
controlled oscillator, so as to supply a divided signal for 
comparison With a reference signal of the reference 
oscillator in the phase comparator, and 

[0029] a high frequency access in Which is placed a digi 
tal-analogue converter for supplying a second control 
voltage signal to a second input of a second varactor With 
a second sensitivity of the voltage-controlled oscillator 
for high frequency data modulation, the second sensi 
tivity being several orders of magnitude less than the ?rst 
sensitivity, and the second varactor being independent of 
the ?rst varactor, 

[0030] Wherein the frequency synthesizer being includes a 
second loop ?lter in the high frequency access that can be 
connected via a second charge pump betWeen the phase com 
parator of the ?rst loop and the second input of the voltage 
controlled oscillator so as to form a second loW frequency 
phase lock loop for a digital-analogue converter calibration 
operation, and in that the high frequency access includes a 
voltage comparator for comparing an output voltage, Which 
comes directly from the digital-analogue converter, to a volt 
age stored in the second loop ?lter, after locking the second 
phase lock loop onto a determined output frequency, so as to 
automatically adjust the digital-analogue converter gain. 
[0031] Advantageous embodiments of the frequency syn 
thesizer are de?ned in dependent claims 9 to 15. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The objects, advantages and features of the self 
calibration method for a frequency synthesizer using tWo 
point frequency modulation, and the frequency synthesizer 
for implementing said method Will appear more clearly in the 
folloWing description on the basis of at least one non-limiting 
embodiment illustrated by the draWings, in Which: 
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[0033] FIG. 1 shoWs, in a simpli?ed manner, one embodi 
ment of the frequency synthesizer for tWo-point frequency 
modulation according to the invention, 
[0034] FIGS. 2a to 2f shoW the various steps of the self 
calibration method, clearly shoWing the various elements in 
operation of the frequency synthesizer using tWo point fre 
quency modulation of FIG. 1 for each step of the method 
according to the invention, 
[0035] FIGS. 3a and 3b shoW graphs of the transfer or 
spectrum functions of the data modulated by the ?rst loW 
frequency phase lock loop and by the high frequency access 
of the tWo point frequency synthesizer, and 
[0036] FIGS. 4a to 40 shoW graphs of the frequency modu 
lation over time With signal distortions or delays appearing 
When the digital-analogue converter gain is not calibrated as 
shoWn in FIGS. 4a and 4b. 

DETAILED DESCRIPTION OF THE INVENTION 

[0037] In the folloWing description, all of the components 
of the frequency synthesizerusing tWo point (FSK) frequency 
modulation, Which are Well knoWn to those skilled in the art in 
this technical ?eld, Will be described only in a simpli?ed 
manner. All of the frequency synthesizer elements that con 
tribute to implementing the self-calibration method for equal 
ising the spectrum amplitude level of data modulated by the 
frequency synthesizer are speci?cally speci?ed. 
[0038] FIG. 1 shoWs a preferred embodiment of a fre 
quency synthesizer 1 using tWo-point frequency modulation. 
This frequency synthesizer may be used in particular for 
transmitting frequency-modulated data in a radio-frequency 
signal. The frequency synthesizer may form an important part 
of a GFSK transmitter Working in a frequency band close to 
2.45 GHz. This frequency synthesizer may be made in 0.18 
pm CMOS technology for example. 
[0039] Frequency synthesizer 1 mainly includes a ?rst loW 
frequency or loW-pass phase lock loop, and a high frequency 
access connected to a voltage-controlled oscillatorVCO 10 of 
the ?rst phase lock loop. The high frequency access includes 
a digital-analogue converter 20 and means for automatically 
calibrating the converter gain as explained beloW. Frequency 
precision is obtained via the ?rst loW frequency phase lock 
loop, and sWitching rapidity is obtained by the high frequency 
access. For high frequency state transitions during data 
modulation, the high frequency access is thus mainly used, 
Whereas for loW frequency state transitions, the more precise 
?rst phase lock loop is used. 
[0040] The ?rst loW frequency phase lock loop includes 
?rst of all a reference oscillator 2, Which may preferably be a 
quartz oscillator, for supplying a reference signal, having a 
frequency located between 16 and 26 MHz, to a phase com 
parator 3. A ?rst loW-pass loop ?lter 5 is connected to the 
phase comparator by a ?rst charge pump 4, Which forms part 
of connecting means. TWo Wires connect the phase compara 
tor 3 to the ?rst charge pump to supply a Well-known high and 
loW digital signal to ?rst pump charge 4. The polarising 
current of this typical charge pump may be around 3 [1A. 
[0041] TheVCO voltage-controlled oscillator 10 may com 
prise tWo parallel dedicated varactors, Which are independent 
of each other. The ?rst oscillator varactor has a ?rst high 
sensitivity input and the second oscillator varactor has a sec 
ond loW sensitivity input. The oscillator output frequency 
f(V) is the result of the addition of frequency f1(V1) gener 
ated by the ?rst varactor and frequency f2(V 2) generated by 
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the second varactor. A capacitive summation is performed by 
these tWo varactors, and not a conventional input voltage 
summation. 
[0042] This voltage-controlled oscillator is thus connected 
by a ?rst high sensitivity input of the ?rst varactor, for 
example of the order of magnitude of 400 MHZ/V in the ?rst 
phase lock loop. The ?rst input of the voltage-controlled 
oscillator can receive a ?rst control voltage signal KVCO via 
the ?rst loop ?lter 5. This loop ?lter may be a second order 
loW-pass ?lter as shoWn by the arrangement of three capaci 
tors (eg 20 pF, 200 pF, 10 pF) and tWo resistors (eg 100 
kOhm, 16 kOhm) of loW-pass ?lter unit 5. The cut off fre 
quency of the ?rst loop ?lter may be selected to be 100 kHZ 
depending upon the frequency of reference oscillator 2. 
[0043] Voltage controlled oscillator 10 is capable of gener 
ating a high frequency signal Whose frequency may be close 
to 5 GHZ. HoWever, the transmission of modulated data from 
transmitter GFSK is carried out on a carrier frequency of a 
transmission channel close to 2.45 GHZ. Consequently, volt 
age controlled oscillator 10 is folloWed in the ?rst phase lock 
loop by a divider-by-tWo 8 in order to supply a high frequency 
output signal S O UT that includes modulated data for transmis 
sion. 

[0044] High frequency output signal SOUT is divided by a 
multimode divider counter 9 controlled by a modulator, such 
as a Well-known sigma delta modulator 11. This sigma delta 
modulator can be made on the basis of a basic third order 
1-1-1 MASH structure. The multimode divider counter 9 
supplies a signal divided by a fractional-N factor to phase 
comparator 3 of the ?rst phase lock loop for comparison to the 
reference signal of reference oscillator 2. 
[0045] In order to implement the self-calibration method, 
the ?rst phase lock loop also includes in parallel to the ?rst 
loop ?lter 5, a unitary voltage folloWer 6, Whose input is 
connected betWeen the output of the ?rst charge pump 4 and 
the ?rst loop ?lter 5. A ?rst multiplexer 7 receives a voltage 
signal from unitary voltage folloWer 6 at a ?rst input and a 
voltage signal from the ?rst loop ?lter 5 at a second input. The 
output of the ?rst multiplexer is directly connected to the ?rst 
input of voltage controlled oscillator 10 for supplying the ?rst 
control voltage signal KVCO. The ?rst control voltage signal 
KVCO comes either directly from the ?rst loop ?lter 5, or 
directly from the voltage folloWer depending upon the state of 
a control signal supplied to the ?rst multiplexer that is not 
shoWn. 
[0046] As Will be explained beloW, the unitary voltage fol 
loWer 6 is used in the self-calibration method in particular 
When the ?rst charge pump is sWitched off. In this case, the 
varactor of voltage controlled oscillator 10 loses some cur 
rent, Which is compensated by the voltage folloWer, so that the 
voltage across the ?rst loop ?lter 5 remains constant to supply 
the ?rst control voltage signal KVCO. HoWever, once the 
calibrating operation has ?nished, unitary voltage folloWer 6 
has to be disconnected for data modulation. 
[0047] The voltage folloWer has to be disconnected for 
reasons of stability, since the bandWidth of the folloWer must 
be at least 10 times the cut-off frequency of the ?rst loop ?lter, 
Which is of the order of 100 kHZ. Moreover, the noise gener 
ated by unitary voltage folloWer 6 is converted into phase 
noise, Which may be a problem With the broad gain in voltage 
controlled oscillator 10 linked to the ?rst control voltage 
signal KVCO. 
[0048] The ?rst phase lock loop may include a differential 
structure (not shoWn) betWeen ?rst charge pump 4 and volt 
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age controlled oscillator 10. This structure may be formed of 
a ?rst differential charge pump, a ?rst differential loop ?lter 5 
and a unitary gain differential voltage folloWer 6. The ?rst 
multiplexer 7 can thus connect the differential voltage fol 
loWer output, or the ?rst loop ?lter output to the ?rst differ 
ential input of the voltage-controlled oscillator. In this differ 
ential structure, the capacitive value of the ?rst differential 
loop ?lter is advantageously half the capacitive value of a ?rst 
asymmetrical loop ?lter, Which reduces its surface area dur 
ing integration. 
[0049] OWing to the differential structure from the ?rst 
differential charge pump 4, the ?rst loW frequency phase lock 
loop is thus insulated from any interference that may occur. 
This interference may thus be cancelled out, Which may be 
important because of the high sensitivity (400 MHZ/V) at the 
?rst input of voltage-controlled oscillator 10. Thus, the carrier 
frequency of the selected transmission channel is generated 
precisely via the ?rst phase lock loop. 
[0050] The high frequency access of frequency synthesiser 
1 for tWo point frequency modulation thus includes the digi 
tal-analogue converter. This digital-analogue converter 20 
could be implemented With sWitched current sources and an 
active poly-resistance load OTA. The current sources may for 
example be cancelled out in the case of a received command 
Word com like 0 in a ?rst phase of the self-calibration method. 
If this Word is de?ned as 0, this enables the converter to be 
unin?uenced by an alteration in the converter gain. This may 
be advantageous for calibrating operations for said converter, 
Which are described beloW With reference to FIGS. 2a to 2]. 

[0051] The output voltage signal of the digital-analogue 
converter is ?ltered in a loW-pass ?lter 25, Which is anti 
aliasing ?lter that can remove image frequencies in the modu 
lated data spectrum around n times the converter clock fre 
quency. This clock frequency may, for example, be identical 
to the reference signal frequency. The loW-pass ?lter 25 may 
be formed by a simple ?rst order RC structure, since a ?rst 
?ltering operation has already been performed in digital 
analogue converter 20. 
[0052] The signal ?ltered by loW-pass ?lter 25 can be sup 
plied as second control voltage signal KVCO_mod to a sec 
ond input of the second varactor of voltage-controlled oscil 
lator 10, independent of the ?rst varactor. The voltage 
sensitivity at the second input of the voltage-controlled oscil 
lator, independent of the ?rst input, may be of the order of 4 
MHZ/V, Which is 100 times less than the sensitivity of the ?rst 
input mentioned above. This alloWs the digital-analogue con 
verter 20 to Work With larger amplitude, While having smaller 
spurs due to the converter clock injection. 
[0053] In order to produce a ?at voltage With the frequency 
deviation characteristic, the modulation varactor of voltage 
controlled oscillator 10 must be polarized around its maxi 
mum Working gain. The maximum deviation of +500 kHZ at 
4.9 GHZ leads to a suf?ciently linear approximation of the 
voltage With the frequency characteristic of voltage con 
trolled oscillator 10 for sensitivity Within the 4 MHZ/V mar 
gin. In this case, the maximum positive voltage deviation 
necessary to generate +500 kHZ of frequency deviation is 
Within the 125 mV margin for the second control voltage 
signal KVCO_mod. 
[0054] It should be noted that the fact of using a second 
varactor of the voltage-controlled oscillator, Which has much 
less sensitivity than that of the ?rst varactor of the ?rst phase 
lock loop, maximises the necessary voltage or frequency shift 
to be achieved. This consequently also minimises the offset 
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in?uence of comparator 21, Which may be of the order of a 
mV, and the noise of digital-analogue converter 20. This 
offset may even be removed With double calibration of the 
digital-analogue converter With a maximum modulation fre 
quency shift (Af) in a third phase, and With a minimum modu 
lation frequency shift (—Af) in a ?fth calibrating phase. 
[0055] In order to be able to calibrate automatically the gain 
of digital-analogue converter 20, the high frequency access 
also includes calibrating means, Which are sWitched on dur 
ing the converter self-calibration operation. The calibrating 
means are formed by a second charge pump 14 connected to 
phase comparator 3, a second loW-pass loop ?lter 15, a volt 
age comparator 21 for comparing the voltage across the sec 
ond loop ?lter 15 With the output voltage of converter 20, and 
a control logic 22 at the comparator output for adapting the 
converter gain. The typical polarising current of the second 
charge pump 14 may be in the region of 40 [1A. 
[0056] The second loop ?lter 15 may be formed by a ?rst 
capacitor (eg 1 pF) in parallel With a resistor (eg 400 
kOhm) and a second capacitor (e. g. 20 pF). This second loop 
?lter is With a siZe loWer than the siZe of the ?rst loop ?lter, 
given that this second ?lter is a part of the second phase lock 
loop in order to provide a control voltage at a second input of 
the voltage controlled oscillator With a sensitivity loWer than 
the sensitivity of the ?rst input. The cut-off frequency of this 
second ?lter may be of the order of 77 kHZ. For the voltage 
comparator, its offset should be loW, for example loWer than 1 
mV so as to have a small error added to the corresponding 

frequency deviation. Moreover, it should have a sleW rate that 
is high enough not to sloW doWn the calibration phase of the 
digital-analogue converter logic. An offset compensated 
sWitched capacitor topology could be used. 
[0057] The second phase lock loop may also include a 
differential structure (not shoWn) betWeen the second charge 
pump 14 and voltage-controlled oscillator 10. This structure 
may be formed of a second differential charge pump and a 
second differential loop ?lter 15. The second multiplexer 17 
can thus connect the output of the second loop ?lter to the 
second differential input of the voltage-controlled oscillator 
When the second loop is locked. OWing to the differential 
structure, this prevents voltage errors in the second loop ?lter 
during gradual disconnection of a conventional second 
charge pump, since the cut off of PMOS transistors may be 
sloWer or quicker than the cut off of NMOS transistors. In this 
differential structure, the capacitive value of the second dif 
ferential loop ?lter is advantageously half the capacitive value 
of a second asymmetrical loop ?lter, Which reduces the sur 
face area thereof during integration. 
[0058] With this differential structure of the second charge 
pump and the second loop ?lter, and so as to keep a compara 
tor 21, a control logic 22 and a digital-analogue converter 20 
of asymmetrical structure, it may be advantageous to arrange 
a conversion device betWeen the second loop ?lter and the 
input of comparator 21. This conversion device (not shoWn) 
converts the differential voltage across the second ?lter into 
an absolute voltage to be compared to the digital-analogue 
converter output voltage. This conversion device may be 
made in a conventional manner via an ampli?er, and four 
resistors of identical value connected to the ampli?er inputs 
and output. TWo voltage folloWers may also be provided 
betWeen the second differential loop ?lter and the resistors 
connected to the ampli?er inputs. 
[0059] Control logic 22 could supply a gain de?ned over 5 
bits. This Would alloW all possible gains betWeen 250 kHZ and 
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750 kHZ maximum deviation, Which Would lead to 8 kHZ of 
maximum deviation error While ensuring that the second 
control voltage signal KVCO_mod is linear. The decision 
algorithm could be based on the NeWton method. 
[0060] For the converter self-calibration, the second loop 
?lter 15 is connected to the second input of voltage-controlled 
oscillator 10 via a second multiplexer 17. In such case, no 
voltage signal is transmitted across loWpass ?lter 25 con 
nected to another input of second multiplexer 17 is transmit 
ted as second control voltage signal KVCO_mod to the sec 
ond input of voltage controlled oscillator 10. During the self 
calibration operation, a second loWpass phase lock loop is 
achieved With the second charge pump 14 sWitched on, con 
nected to phase comparator 3 by tWo Wires and the second 
loop ?lter 15 connected to the second input of the voltage 
controlled oscillator. This second phase lock loop is made in 
order to have a different dynamic of the ?rst phase lock loop. 
[0061] The second charge pump 14 is thus a part of con 
necting means just like ?rst charge pump 4. Either one of the 
charge pumps may be sWitched on When the other is sWitched 
off to close or open one phase lock loop or the other as 
explained beloW With reference to FIGS. 2a to 2f 
[0062] A lock detector 13 may also be provided, connected 
to the tWo input Wires of the tWo charge pumps 4, 14 so as to 
detect the moment When one of the tWo sWitched-on phase 
lock loops is locked to a programmed frequency. HoWever, it 
is not very often useful to use this type of lock detector for 
several reasons, particularly in said self-calibration method. 
The lock detector may not be used, since it has a reaction time, 
Which may not be desired during sWitching from one phase to 
another in the self-calibration method. It is only useful during 
a big change of transmission channel Where a large frequency 
shift is noted. Once the ?rst phase lock loop has locked on, the 
phase shift is very small Which may also be dif?cult to detect. 
Moreover, the lock time of this type of phase lock loop is 
generally knoWn, particularly for passing from one transmis 
sion channel to another close channel. Consequently, it may 
be preferable to ?x the (determinist) sWitching times from 
one calibration phase to the other. 

[0063] By locking the second phase lock loop onto a fre 
quency that corresponds, for example, to the selected carrier 
frequency added to or subtracted from a desired maximum 
modulation frequency deviation or shift, it is possible to cali 
brate the digital-analogue converter in a subsequent phase. In 
order to do this, after the second phase lock loop has locked 
onto one modulation output frequency or another, the second 
loop is gradually disconnected to maintain an approximately 
constant stored voltage across second loop ?lter 15. This 
voltage across the second ?lter is then compared to the output 
voltage of converter 20 by voltage comparator 21. The con 
verter output voltage depends on a command Word com sup 
plied to the converter input to represent, for example, one or 
other desired modulation output frequency. The converter 
gain can thus be adapted by control logic 22, Which folloWs 
the comparator so as to make the converter output voltage 
equal to the voltage stored across the second loop ?lter. This 
gain is adapted relative to a basic converter output voltage as 
a function of a command Word that represents, for example, 
the desired carrier frequency at the synthesiser output. 
[0064] During programming of a frequency to be synthe 
siZed for the self-calibration method, sigma-delta modulator 
11 receives the same command Word as digital-analogue con 
verter 20. In order to do this, a third multiplexer 37 receives at 
input either the command Word com, or a frequency shift 32 
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in the reception mode of the transmitter GFSK. This fre 
quency shift makes it possible to adapt the frequency to be 
synthesized as a function of the frequency of the radio-fre 
quency signals received by the transmitter. 
[0065] Thus, in the modulation mode controlled by the 
mode Tx 33, this third multiplexer 37 transmits the command 
Word com to an adder 12. The adder carries out the addition of 
a Word relating to the frequency of a desired transmission 
channel originating from a frequency register 34, and com 
mand Word com. 

[0066] Each binary command Word com for digital-ana 
logue converter 20 or sigma-delta modulator 11 is preferably 
a 4-bit Word. Each binary command Word is supplied through 
a multiplexer 27, de?ned as a modulation multiplexer. Nor 
mally, the 4 bits of the binary command Word for the converter 
calibration operation are de?ned as being betWeen :8 and +7, 
but in order to be symmetrical relative to 0, they are chosen 
only from :7 to +7. In this case, the binary Word 0, Which 
represents the carrier frequency selected for the transmission 
channel, is 1000. The binary Word Max, for representing the 
maximum modulation frequency deviation to be added to the 
carrier frequency, is the binary Word 1 1 1 1 . Finally, the binary 
Word Min, for representing the maximum modulation fre 
quency to be subtracted from the carrier frequency, is the 
binary Word 0001. This con?guration is de?ned as N-signed. 
[0067] When modulation multiplexer 27 is controlled by a 
2-bit signal to supply the binary Word 0 to digital-analogue 
converter 20, the basic converter output voltage is not in?u 
enced by an alteration to the converter gain. However, When 
modulation multiplexer 27 is commanded to supply either 
binary Word Max, or binary Word Min for the converter cali 
bration operation, the calibrated converter gain has a direct 
in?uence on the output voltage level of the digital-analogue 
converter. By a voltage comparison in voltage comparator 21, 
this alloWs the converter output voltage deviation to be 
adjusted betWeen the output voltage representing the carrier 
frequency and the output voltage representing one of the 
modulation output frequencies. In this manner, as explained 
beloW With reference to FIGS. 2a to 2], it is possible to 
equalise the frequency deviation in the ?rst phase lock loop 
and in the high frequency access to avoid distortions in state 
transitions during data modulation. 
[0068] When the digital-analogue converter gain is auto 
matically calibrated, it is possible to place the synthesizer in 
a data modulation mode. In order to do this, modulation 
multiplexer 27 is controlled so as to be connected to a Gaus 
sian type digital ?lter 30 clocked by a clock signal provided 
by the reference signal from reference oscillator 2. The Gaus 
sian type ?lter shapes a data signal Tx 31 so as to provide a 
series of binary command Words that can change state over 
time at a frequency of up to 2 MHZ for example as a function 
of the data to be transmitted. Consequently, the digital-ana 
logue converter must be fast enough to folloW the maximum 
rate of modulationbit-stream of at least 1 Mbit/ sec, and Which 
may be up to a maximum of 2 Mbit/ sec. 

[0069] It should be noted that the value of high frequency 
signal frequency generated by voltage controlled oscillator 
10 is double the frequency of high frequency output signal 
S 0U], Which includes the frequency modulated data, at the 
output of a divider-by-tWo 8. Consequently, double the maxi 
mum modulation frequency deviation or shift Af and carrier 
frequency fO must be provided in order to obtain the desired 
frequency in high frequency output signal S OUT. The carrier 
frequency of a selected transmission channel, in output signal 
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SOUT may have a value close to 2.45 GHZ With frequency 
modulated data, around this carrier frequency, at a frequency 
of at least 1 MHZ. 

[0070] When the modulation frequency deviation by the 
high frequency access is not identical to the modulation fre 
quency deviation by the ?rst phase lock loop prior to the 
calibration operation, this leads to some distortions or sWitch 
ing delays on the output signal of the frequency synthesiZer. 
In order to obtain an almost constant frequency deviation 
during modulation over the entire frequency range of the 
synthesiZer modulation bandWidth, the digital-analogue con 
verter has to be calibrated. 

[0071] In order to represent the frequency deviation shift 
betWeen the ?rst phase lock loop and the high frequency 
access of an uncalibrated frequency synthesiZer, reference is 
made to FIGS. 3a and 3b of the modulated data spectrum. 
These FIGS. 3a and 3b illustrate a ?rst transfer function H l of 
the ?rst phase lock loop and a second transfer function H2 of 
the high frequency access. These transfer functions may be 
expressed for example in dB for the frequency deviation 
divided by the input signal. The amplitude of the tWo transfer 
functions must be equalised to calibrate the high frequency 
access and the ?rst phase lock loop. 
[0072] As can be seen in the hatched part, the ?rst transfer 
function Hl covers a loW frequency modulation bandWidth 
(BWPLL) Where the ?rst loop ?lter has a cut-off frequency of 
the order, for example, of 100 kHZ. The second transfer func 
tion H2 covers hoWever a bandWidth that may go beyond the 
maximum modulation frequency de?ned by fm (1 MHZ). The 
frequency synthesiZer must be calibrated to have a modula 
tion bandWidth (Bwmod) of up to at least 1 MHZ. 

[0073] The maximum amplitude of the ?rst transfer func 
tion H l is shoWn to be less than the maximum amplitude of the 
second transfer function H2. An amplitude shift AH has to be 
corrected to obtain maximum amplitude across the entire 
constant modulation bandWidth Bwmod. The voltage-con 
trolled oscillator superposes the tWo transfer functions and 
carries out an addition of the tWo functions as shoWn in FIG. 
3b. 

[0074] FIGS. 4a to 40 also shoW graphs of the frequency 
change over time relative to a selected carrier frequency, 
corresponding to data modulation in the output signal SOUT 
from the calibrated or uncalibrated frequency synthesiZer. 
Data modulation is combined by the ?rst phase lock loop and 
the high frequency access through the voltage controlled 
oscillator. 

[0075] The “1” modulation state is de?ned in the output 
signal SOUT by adding the carrier frequency f0 and the maxi 
mum modulation frequency deviation or shift Af, Which gives 
fO+Af. This “1” state can be given by a command Word cor 
responding to the Word Max to the digital-analogue converter 
and to the sigma-delta modulator. 

[0076] The “0” modulation state is de?ned in output signal 
SOUT by subtracting the maximum modulation frequency 
deviation or shift Af from the carrier frequency f0, Which gives 
fO-Af. This “0” state can be given by a command Word corre 
sponding to the Word Min to the digital-analogue converter 
and to the sigma-delta modulator. 
[0077] If the maximum amplitude of the second transfer 
function is greater than the maximum amplitude of the ?rst 
transfer function as shoWn by FIGS. 3a and 3b, the high 
frequency transitions are accentuated relative to the loW fre 
quency transitions, as shoWn in FIG. 4a. There is thus too 
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much gain in the digital-analogue converter. The maximum 
modulation state change frequency is de?ned as l/Tc. 

[0078] If, on the contrary, the maximum amplitude of the 
?rst phase lock loop is greater than that of the high frequency 
access, the state transitions are relatively sloW as shoWn in 
FIG. 4b. There is thus not enough gain in the digital-analogue 
converter. 

[0079] Once the digital-analogue converter gain has been 
calibrated as explained beloW With reference to FIGS. 2a to 
2], no distortion or sWitching delay is seen on the output 
signal across the entire modulation bandwidth as shoWn in 
FIG. 40. 

[0080] Of course, instead of FIGS. 4a to 40, it Would have 
been possible to shoW an eye-shaped diagram to shoW the 
uncalibrated state betWeen the ?rst loop and the high fre 
quency access having the digital-analogue converter. If cali 
bration Were performed, it Would shoW maximisation of the 
aperture of the eye, Whereas non-calibration according to 
FIG. 4a or 4b Would shoW a ?attened eye shape along one axis 
of the diagram or the other. 

[0081] With reference to FIGS. 2a to 2], all the phases or 
steps of the self-calibration method of frequency synthesizer 
1 are shoWn so as to equalise the spectrum amplitude level of 
the data modulated by digital-analogue converter 20 com 
bined With the ?rst loW frequency phase lock loop. It should 
be noted that in each of these Figures, the various parts of the 
synthesizer, Which are either at rest, or sWitched off, are 
shoWn in dotted lines. Thus, it is easier to understand the 
various phases for automatically calibrating the digital-ana 
logue converter, up until the actual data modulation phase. 
Since all of the elements of frequency synthesizer 1 have 
already been described With reference to FIG. 1, they Will not 
be explained in more detail. 

[0082] FIG. 2a shoWs the ?rst phase or step of the self 
calibration method for frequency synthesizer 1. In this ?rst 
phase, the ?rst phase lock loop has to be locked to the carrier 
frequency fO of a selected transmission channel. 
[0083] Modulation multiplexer 27 is controlled so as to 
provide the binary command Word 0 to represent carrier fre 
quency f0. This binary Word 0 is supplied to digital-analogue 
converter 20, and to sigma-delta modulator 1 1 via multiplexer 
37 and adder 12. The sigma-delta modulator also receives a 
frequency Word originating from a frequency register 34 so as 
to be able to de?ne the carrier frequency fO to be synthesized 
by the ?rst phase lock loop. 
[0084] In this ?rst phase, the ?rst charge pump 4 is sWitched 
on, Whereas the second charge pump 14 is disconnected. 
Moreover, the ?rst multiplexer 7 is controlled so that it con 
nects the output of unitary voltage folloWer 6 to the ?rst input 
of the main varactor of the voltage controlled oscillator. In 
this manner, the voltage stored in the ?rst loop ?lter 5 is 
transmitted through voltage folloWer 6 to supply the ?rst 
control voltage signal KVCO. 
[0085] The second multiplexer 17 is controlled so that it 
connects the output of loW-pass anti-aliasing ?lter 25 to the 
second modulation input of voltage controlled oscillator 10. 
Digital-analogue converter 20 thus supplies, through the loW 
pass ?lter and second multiplexer 17, the second control 
voltage signal Whose level depends upon command Word 
com, Which, in this case, is the binary Word 0. With this binary 
Word 0, the level of the ?rst basic output voltage of said 
converter does not change With a change in the gain of said 
converter. 
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[0086] By Way of reminder, given the loW cut-off frequency 
of the ?rst phase lock loop, data frequency modulation for 
example at l or 2 Mbit/ sec cannot be carried out by the ?rst 
loW frequency loop. This is also due to the fact that the 
reference frequency of the reference oscillator is between 16 
and 26 MHz, and that it Would be necessary to have a fre 
quency of the order of 150 MHz to have a suf?ciently fast 
loop. HoWever, With a reference frequency of 150 MHz, it is 
not possible to reduce the electrical poWer consumption of the 
frequency synthesizer, Whereas the reduction in consumption 
can be required. 
[0087] If the cut-off frequency is set so loW in this loW 
frequency phase lock loop, this is mainly due to the noise 
generated by the sigma delta modulator, Which has to be 
removed. HoWever, With a cut-off frequency of the order of 
100 kHz, the frequency synthesizer is approximately 10 times 
sloWer With the reference frequency at 16 MHz. 
[0088] If one Wishes to modulate frequency data at a fre 
quency of 1 MHz on output signal S 0U], the bandWidth has to 
be increased to 1 MHz after the ?rst charge pump. This 
rapidity of the loW frequency loop is not expected With a 
quartz oscillator With such a loW frequency. For high fre 
quency transitions, the high frequency access is thus also used 
for the voltage-controlled oscillator. The frequency differ 
ence for the frequency modulation is controlled by the ?rst 
phase lock loop, Where a small voltage deviation leads to a 
large frequency difference. The digital-analogue converter 
must thus be given a precise gain in order to equalise the 
spectrum amplitude level of the data modulated in the ?rst 
loop and by the high frequency access, Which is described 
beloW With reference in particular to FIGS. 2b to 2e. 
[0089] OWing to the high frequency access via the digital 
analogue converter, said converter Will be able to inject high 
state transitions into the frequency modulation in combina 
tion With the more precise ?rst loW frequency loop. If there is 
a rapid passage of modulated data from one state to another, 
there is no distortion or delay observed in the output signal, by 
the digital-analogue converter if it is calibrated, Which is 
desired. 
[0090] Lock detection by a lock detector 13 can determine 
the instant at Which the ?rst phase lock loop is locked to the 
selected carrier frequency. Once detected, it can be passed to 
the second phase of the self-calibration method shoWn in FIG. 
2b. HoWever, as indicated previously, the lock time of this 
type of phase lock loop is generally knoWn and it can be set or 
programmed to pass automatically from the ?rst phase to the 
second phase of the self-calibration method. 
[0091] FIG. 2b shoWs the second phase or step of the self 
calibration method of frequency synthesizer 1. In this second 
phase, the ?rst charge pump 4 has to be disconnected in order 
to open the ?rst phase lock loop, Whereas the second charge 
pump 14 must be sWitched on to form a second phase lock 
loop With the second loop ?lter 15. In this second phase, 
comparator 21 and control logic 22 may be disconnected. 
[0092] Care must also be taken, in the second phase of the 
method, not to disconnect ?rst charge pump 4 abruptly, since 
a slight constant voltage error may still remain stored in ?rst 
loop ?lter 5, Which could lead to a subsequent calibration 
error for the digital-analogue converter. Consequently, it 
Would be preferable to sWitch off the ?rst charge pump gradu 
ally to avoid such errors. Approximately 60 cycles are needed 
to sWitch off the charge pump. So the bandWidth of the ?rst 
phase lock loop is progressively and continuously reduced to 
0 Hz to be in a quasi-stationary process. 
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[0093] In this second phase, the voltage stored in ?rst loop 
?lter 5 representing the selected carrier frequency, is trans 
mitted via unitary voltage follower 6 and ?rst multiplexer 7 as 
the ?rst control voltage signal KVCO to the ?rst input of the 
voltage controlled oscillator. This stored voltage represents 
the ?rst control voltage signal KVCO. As indicated previ 
ously, the voltage folloWer can compensate for the current lost 
in the voltage-controlled oscillator in order to maintain a 
constant voltage across ?rst loop ?lter 5. 

[0094] The second multiplexer 17 is controlled to connect 
the second loop ?lter 15 to the second input of the voltage 
controlled oscillator to close a second phase lock loop. This 
second phase lock loop must be locked in the second phase at 
a ?rst synthesizer output frequency fO+Af, Which must corre 
spond to the addition of carrier frequency fO to a maximum 
modulation frequency deviation or shift Af. The duration of 
the second loop locking operation may be of the order of 40 
us. To do this, modulation multiplexer 27 must be controlled 
to supply binary Word Max to digital-analogue converter 20, 
Which is left idle in this second phase, and especially to sigma 
delta modulator 11. 

[0095] The voltage stored in the second loop ?lter 15 is 
supplied as the third control voltage signal to the second input 
of voltage-controlled oscillator 10, Which is at a second volt 
age level. This voltage stored in second ?lter 15 Will enable 
digital-analogue converter 20 to be automatically calibrated 
in the third phase. 
[0096] FIG. 2c shows the third phase or step of the self 
calibration method of frequency synthesiZer 1. In this third 
phase, ?rst charge pump 4 remains disconnected, and second 
charge pump 14 is disconnected While maintaining a calibrat 
ing voltage stored in second loop ?lter 15. This calibrating 
voltage in the second loop ?lter remains approximately con 
stant during the entire converter calibration step, even if a loW 
leakage current may be observed in conjunction With the 
second input of voltage-controlled oscillator 10. The calibra 
tionperiod may be around 4 [.LS,Wh1Ch1S 10 times less than the 
lock duration of the second loop. 

[0097] In this third phase, comparator 21, control logic 22 
and the digital-analogue converter are operating. Thus, the 
operating voltage comparator 21 compares the output voltage 
of converter 20, Which has received binary Word Max, to the 
voltage stored in the second loop ?lter 15.Voltage comparator 
21 acts on control logic 22. The control logic supplies a binary 
Word gain, Which calibrates the converter gain until the output 
voltage of converter 20 is identical to the voltage stored in 
second loop ?lter 15 at a second voltage level. 

[0098] During the digital-analogue converter calibrating 
operation, several voltage jumps are observed in the converter 
output, due to the change of binary Word gain, Which adapts 
the gain of said converter. There may be, for example, 5 
measurements carried out via comparator 21 and control 
logic 22 before the discounted gain is obtained for converter 
20. A dichotomy matching algorithm may be used for this. 
[0099] The voltage deviation or shift betWeen the ?rst volt 
age level and the second voltage level at the output of digital 
analogue converter 20 is representative of the maximum 
modulation frequency deviation or shift Af to be calibrated 
relative to the ?rst phase lock loop. 
[0100] FIG. 2d shoWs the fourth phase or step of the self 
calibration method for frequency synthesiZer 1. This fourth 
phase is not strictly necessary for calibrating the frequency 
synthesiZer. HoWever, the fourth phase alloWs the frequency 
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synthesiZer to be better linearised. In this fourth phase, com 
parator 21 and control logic 22 may also be disconnected. 
[0101] In the fourth phase, the ?rst charge pump 4 remains 
disconnected leaving open the ?rst phase lock loop, Whereas 
the second charge pump 14 is sWitched on again to form, With 
second loop ?lter 15, the second phase lock loop. This second 
phase lock loop must be locked this time onto a second 
synthesiZer output frequency fO -Af, Which must correspond to 
the subtraction of the maximum modulation frequency devia 
tion or shift Af from carrier frequency f0. To do this, modu 
lation multiplexer 27 has to be controlled to supply binary 
Word Min to digital-analogue converter 20, left idle in this 
fourth phase, and especially to sigma delta modulator 11. 
Thus the neW voltage stored in second loop ?lter 15 is at a 
third voltage level this time. 
[0102] FIG. 2e shoWs the ?fth phase of the self-calibration 
method of frequency synthesizer 1. In this ?fth phase, ?rst 
charge pump 4 remains disconnected, and second charge 
pump 14 is again disconnected While maintaining a neW 
calibrating voltage stored in second loop ?lter 15 at a third 
voltage level. This calibrating voltage in the second loop ?lter 
remains approximately constant during the entire converter 
calibration step, even if a loW leakage current may be 
observed in conjunction With the second input of voltage 
controlled oscillator 10. 
[0103] In this ?fth phase, comparator 21, control logic 22 
and the digital-analogue converter are operating. Thus, volt 
age comparator 21 compares the voltage stored in the second 
loop ?lter 15 to the output voltage of digital-analogue con 
verter 20, Which has received binary Word Min. The output of 
voltage comparator 21 acts on control logic 22 to adapt the 
gain of converter 20 to make the converter output voltage and 
the voltage stored in second loop ?lter 15 identical. This neW 
matching of the converter gain can remove some non-linear 
ity defects in the frequency synthesiZer. 
[0104] Finally, FIG. 2f shoWs a modulation phase at the end 
of the self-calibration method for frequency synthesiZer 1 as 
soon as said frequency synthesiZer has been calibrated. 
[0105] In this modulation phase, the second charge pump 
14 is disconnected, and the ?rst charge pump 4 is sWitched on 
again. HoWever, in this modulation phase, unitary voltage 
folloWer 6 must be disconnected. Consequently, the ?rst mul 
tiplexer 7 is controlled so as to directly connect the ?rst loop 
?lter 5 to the ?rst input of voltage-controlled oscillator 10. 
[0106] Next to the high frequency access, the second mul 
tiplexer 17 is controlled so as to connect the anti-folding 
loWpass ?lter 25 directly to the second input of voltage 
controlled oscillator 10. A second control voltage signal 
KVCO_mod can be provided by digital-analogue converter 
20. 
[0107] Modulation multiplexer 27 is controlled this time so 
as to supply at output a series of command Words originating 
from the Gaussian type digital ?lter 30 on the basis of data Tx 
31 to be modulated in the high frequency output signal SOUT. 
This series of command Words is provided both to the con 
verter 20 and to sigma delta modulator 11 via multiplexer 37 
and adder 12. Since the gain of converter 20 is calibrated, the 
combination of the ?rst phase lock loop With the high fre 
quency access enables a high frequency signal to be obtained 
Without any distortion or data modulation sWitching delay. 
[0108] From the description that has just been given, sev 
eral variants of the synthesiZer self-calibration method and 
the synthesiZer for implementing said method could be 
devised by those skilled in the art Without departing from the 
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scope of the invention de?ned by the claims. In the connect 
ing means, the charge pumps could be replaced by switches, 
but the charge pump structure is relatively simpler and 
quicker than a sWitch structure. The sensitivity at the tWo 
inputs of the voltage-controlled oscillator could be altered. 
There could be tWo or more digital-analogue converters to be 
calibrated and connected to a second input of the voltage 
controlled oscillator. The reference oscillator frequency 
could be altered or adapted. Finally, the voltage-controlled 
oscillator could generate at output tWo high frequency signals 
in phase opposition. 
What is claimed is: 
1. A self-calibration method for a frequency synthesiZer 

that can perform tWo point frequency modulation for data 
transmission, the frequency synthesiZer including: 

a ?rst loW frequency phase lock loop in Which there are 
placed a reference oscillator, a phase comparator con 
nected to the reference oscillator, a ?rst loW-pass loop 
?lter, a voltage-controlled oscillator, Which is connected 
via a ?rst input of a ?rst varactor With a ?rst sensitivity in 
the ?rst loW frequency loop for receiving a ?rst control 
voltage signal via the ?rst loW-pass ?lter, a multimode 
counter-divider controlled by a modulator to frequency 
divide a high frequency output signal on the basis of a 
high frequency signal produced by the voltage-con 
trolled oscillator, so as to supply a divided signal for 
comparison With a reference signal of the reference 
oscillator in the phase comparator, and 

a high frequency access in Which is placed a digital-ana 
logue converter for supplying a second control voltage 
signal to a second input of a second varactor With a 
second sensitivity of the voltage-controlled oscillator 
for high frequency data modulation, the second sensi 
tivity being several orders of magnitude less than the ?rst 
sensitivity, and the second varactor being independent of 
the ?rst varactor, 

Wherein the self-calibration method includes the steps of: 
a) in a ?rst phase, locking the ?rst loW-pass phase lock loop 

onto a transmission channel With a determined carrier 
frequency at the synthesiZer output, and supplying a ?rst 
command Word to the converter in the high frequency 
access corresponding to the determined carrier fre 
quency for generating a second control voltage signal for 
the voltage-controlled oscillator, at a ?rst basic voltage 
level, 

b) in a second phase, opening the ?rst phase lock loop, 
While maintaining, via the ?rst loop ?lter, a ?rst control 
voltage signal corresponding to the determined carrier 
frequency for the ?rst input of the voltage-controlled 
oscillator, locking a second phase lock loop, Which 
includes a second loW-pass loop ?lter in the high fre 
quency access connected betWeen the phase comparator 
of the ?rst loop and the second input of the voltage 
controlled oscillator, at a ?rst output frequency equal to 
the carrier frequency added to a maximum modulation 
frequency shift, and supplying the digital-analogue con 
verter With a second command Word that represents the 
?rst output frequency, 
in a third phase, opening the second phase lock loop 
While maintaining, via the second loop ?lter, a second 
control voltage signal corresponding to the ?rst output 
frequency for the second input of the voltage-controlled 
oscillator, and comparing the converter output voltage 
With the voltage stored in the second loop ?lter to cali 
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brate the converter gain automatically so that the con 
verter output voltage is equivalent to the voltage stored 
in the second ?lter at a second voltage level, Whose shift 
With the ?rst basic voltage level de?nes the maximum 
equalised modulation frequency shift, and 

d) in a modulation phase, closing the ?rst phase lock loop 
and connecting the converter output to the second input 
of the voltage-controlled oscillator for tWo point data 
modulation by the voltage-controlled oscillator using a 
series of command Words in time supplied to the cali 
brated digital-analogue converter and to the modulator 
of the ?rst phase lock loop. 

2. The self-calibration method according to claim 1, 
Wherein, betWeen step c) and step d), it includes the steps of: 

in a fourth phase, closing and locking the second phase 
lock loop onto a second output frequency Which is the 
result of subtracting the maximum modulation fre 
quency deviation from the carrier frequency, and sup 
plying a third command Word to the digital-analogue 
converter to represent the second output frequency, and 

in a ?fth phase, opening the second phase lock loop While 
maintaining, via the second loop ?lter, a second control 
voltage signal corresponding to the second output fre 
quency for the second input of the voltage-controlled 
oscillator, and comparing the converter output voltage to 
the voltage stored in the second loop ?lter, to calibrate 
the converter gain automatically so that the converter 
output voltage is equivalent to the voltage stored in the 
second ?lter at a third voltage level, Whose shift With the 
?rst basic voltage level de?nes the maximum equalised 
modulation frequency shift. 

3. The self-calibration method according to claim 1, 
Wherein the ?rst phase lock loop includes a ?rst charge pump 
betWeen the phase comparator and the ?rst loop ?lter, and the 
second phase lock loop includes a second charge pump 
betWeen the phase comparator and the second loop ?lter, 
Wherein the ?rst phase lock loop is opened or closed via the 
?rst charge pump, Wherein the second phase lock loop is 
opened or closed via the second charge pump, and Wherein 
during an opening phase, the ?rst charge pump and/or the 
second charge pump are gradually disconnected, particularly 
after 60 cycles, Where the bandWidth of the ?rst and/or second 
phase lock loops is gradually and continually reduced to 0 HZ, 
to maintain a constant voltage in the ?rst ?lter and/or the 
second ?lter at a Well de?ned level. 

4. The self-calibration method according to claim 1, 
Wherein in the ?rst to ?fth phases, the ?rst control voltage 
signal is supplied by a unitary voltage folloWer connected at 
input to the ?rst loop ?lter to compensate for the leakage 
current in the ?rst varactor of the voltage-controlled oscilla 
tor. 

5. The self-calibration method according to claim 4, 
Wherein a ?rst multiplexer is arranged betWeen the ?rst input 
of the voltage-controlled oscillator and the output of the ?rst 
loop ?lter and the unitary voltage folloWer, Wherein in the ?rst 
to ?fth phases, the ?rst multiplexer is controlled to connect 
the voltage folloWer to the ?rst input of the voltage-controlled 
oscillator, Whereas in the modulation phase, the ?rst multi 
plexer is controlled to connect the ?rst loW-pass ?lter to the 
?rst input of the voltage-controlled oscillator. 

6. The self-calibration method according to claim 1, 
Wherein a second multiplexer is arranged betWeen the second 
input of the voltage-controlled oscillator and an output of the 
second loop ?lter and a loW-pass anti-aliasing ?lter connected 
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to the digital-analogue converter, Wherein in the ?rst phase 
and the modulation phase, the second multiplexer is con 
trolled to connect the second input of the voltage-controlled 
oscillator to the anti-aliasing ?lter for direct supplying the 
second control voltage signal originating from the digital 
analogue converter output, and Wherein in the second to ?fth 
phases, the second multiplexer is controlled to connect the 
second input of the voltage-controlled oscillator to the second 
loop ?lter to receive a third control voltage signal. 

7. The self-calibration method according to claim 1, 
Wherein the digital-analogue converter calibration steps are 
performed as soon as the synthesizer is sWitched on or in a 
synthesizer operating mode at the end of each programmed 
operating period, and Wherein a control logic, connected at 
output to a comparator, adapts the converter gain by a binary 
Word, such as a 5-bit Word. 

8. A frequency synthesizer for implementing the self-cali 
bration method according to claim 1, the frequency synthe 
sizer being able to perform tWo point frequency modulation 
for data transmission, said frequency synthesizer including: 

a ?rst loW frequency phase lock loop in Which there are 
placed a reference oscillator, a phase comparator con 
nected to the reference oscillator, a ?rst loW-pass loop 
?lter connected to the phase comparator via a ?rst charge 
pump, a voltage-controlled oscillator, Which is con 
nected via a ?rst input of a ?rst varactor With a ?rst 
sensitivity in the ?rst loW frequency loop for receiving a 
?rst control voltage signal via the ?rst loW-pass ?lter, a 
multimode counter-divider controlled by a modulator to 
frequency divide a high frequency output signal on the 
basis of a high frequency signal produced by the voltage 
controlled oscillator, so as to supply a divided signal for 
comparison With a reference signal of the reference 
oscillator in the phase comparator, and 

a high frequency access in Which is placed a digital-ana 
logue converter for supplying a second control voltage 
signal to a second input of a second varactor With a 
second sensitivity of the voltage-controlled oscillator 
for high frequency data modulation, the second sensi 
tivity being several orders of magnitude less than the ?rst 
sensitivity, and the second varactor being independent of 
the ?rst varactor, 

Wherein the frequency synthesizer includes a second loop 
?lter in the high frequency access that can be connected 
via a second charge pump betWeen the phase comparator 
of the ?rst loop and the second input of the voltage 
controlled oscillator so as to form a second loW fre 
quency phase lock loop for a digital-analogue converter 
calibration operation, and in that the high frequency 
access includes a voltage comparator for comparing an 
output voltage, Which comes directly from the digital 
analogue converter, to a voltage stored in the second 
loop ?lter, after locking the second phase lock loop onto 
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a determined output frequency, so as to automatically 
adjust the digital-analogue converter gain. 

9. The frequency synthesizer according to claim 8, Wherein 
it includes a control logic in the high frequency access for 
receiving an output signal from the voltage comparator so as 
to supply a binary Word for adjusting the digital-analogue 
converter gain, Where the binary Word can be a 5-bit Word. 

10. Frequency synthesizer according to claim 8, Wherein it 
includes a unitary voltage folloWer in the ?rst phase lock loop, 
one input of Which is connected to one input of the ?rst loop 
?lter, and one output of the voltage folloWer can be connected 
to a ?rst input of the voltage-controlled oscillator, saidunitary 
voltage folloWer being provided to compensate for any cur 
rent leakage in the voltage-controlled oscillator varactor. 

11. The frequency synthesizer according to claim 10, 
Wherein it includes a ?rst multiplexer arranged betWeen the 
?rst input of the voltage-controlled oscillator and the output 
of the ?rst loop ?lter and the unitary voltage folloWer, the ?rst 
multiplexer being controlled to connect the voltage folloWer 
or the ?rst loop ?lter to the ?rst input of the voltage-controlled 
oscillator. 

12. The frequency synthesizer according to claim 8, 
Wherein it includes a second multiplexer arranged betWeen 
the second input of the voltage-controlled oscillator, the sec 
ond sensitivity of Which is of the order of 100 times less than 
the ?rst sensitivity of the ?rst input, in particular around 4 
MHz/V, and one output of the second loop ?lter and a loW 
pass anti-aliasing ?lter connected to the digital-analogue con 
verter, the second multiplexer being controlled to connect the 
anti-aliasing ?lter or the second loop ?lter to the second input 
of the voltage-controlled oscillator. 

13. The frequency synthesizer according to claim 8, 
Wherein the ?rst phase lock loop includes a differential struc 
ture formed of a ?rst differential charge pump, a ?rst differ 
ential loop ?lter and a differential voltage folloWer for con 
necting either the output of the differential voltage folloWer, 
or the output of the ?rst loop ?lter to the ?rst differential input 
of the voltage-controlled oscillator. 

14. The frequency synthesizer according to claim 8, 
Wherein the second phase lock loop includes a differential 
structure formed of a second differential charge pump and a 
second differential loop ?lter, Wherein the output of the sec 
ond loop ?lter is for connection to the second differential 
input of the voltage-controlled oscillator When the second 
phase lock loop is closed. 

15. The frequency synthesizer according to claim 8, 
Wherein it includes a modulation multiplexer for supplying at 
least one modulation frequency command Word to the digital 
analogue converter and to a sigma delta modulator for con 
trolling the multimode counter-divider of the ?rst or second 
phase lock loop, and Wherein the digital-analogue converter is 
formed of sWitched current sources and an active poly-resis 
tance load OTA. 


